C
holesteatoma is a congenital, slow-growing entity and referred to as epidermoid tumor. 1 It arises from retained ectodermal implants and become trapped during neural tube closure and separation from the ectoderm between the third and fifth weeks of intrauterine development. [2] [3] [4] With composition of plentiful immature squamous cells, this sort of tumor is characterized by pearly gray sheen, hence the name. 1 In spite of 1% chance of all intracranial tumors, it is often found in the cerebellopontine angle (CPA). 5 It fills the arachnoid space causing expansion and, with a gradual increase in the volume, begins to have a mass effect. Cholesteatoma can cause irritation of the cranial nerve resulting in cranial nerve hyperactive dysfunction, and also may present cerebellar and brain stem dysfunction, as well as hydrocephalus and meningeal irritation. According to the literature, the incidence of trigeminal neuralgia (TN) in patients with CPA cholesteatoma accounted for 1% to 9.9%. [6] [7] [8] [9] In this paper, we retrospectively studied those cases of CPA cholesteatoma with presentation of TN. The etiology of secondary TN was discussed and the surgical strategy for these patients was emphasized on.
PATIENTS AND METHODS

Patients
Between September 2010 and August 2013, 533 patients with typical symptoms of trigeminal neuralgia were treated surgically at our hospital. Among them, 12 patients had cholesteatoma in the ipsilateral cerebellopontine angle during the microvascular decompression process, which was finally confirmed by the postoperative pathology. Those patients included 8 females and 4 males with an average age of 47.8 years. The symptom duration at the surgery ranged from 6 to 60 months. One patient was combined with the hemifacial spasm ipsilateral. Ten of the patients had been medicated by carbamazepine, which was once effective at the early stage. Five patients had hypesthesia in the ipsilateral side of the face. The cholesteatoma was diagnosed preoperatively by MRI in all the patients but 2 ( Table 1) .
Surgery
Under general anesthesia, the patient was placed in a park bench position (3/4 lateral prone decubitus) with his or her contralateral shoulder close to the edge of the bed and the ipsilateral shoulder slanted forward and pulled away from the head. A fixation frame is used to hold the patient's head stable and to keep the patient's head turning back 15 to 20 degrees from the level surface. A vertical linear incision paralleling laterally to the hairline and crossing the inion-zygomatic line was made. A craniectomy of 3 cm in diameter was performed with its lateral and superior edge very close to the sigmoidal and transversal sinuses. After dural opening, the cerebellum was raised gradually off the petrosal bone whereas the cerebrospinal fluid (CSF) was sucked slowly until the tumor was visualized. The tumor was resected piece by piece with care of protecting cranial nerves. After removal of the tumor, the whole V nerve root was exposed and any vessel contacting with the nerve was transposed away. With thorough irrigation to ensure no obvious tumor debris residual or bleeding, the dura was sutured in watertightness pattern and the incision was closed.
Outcome Assessment and Follow-Up
An assessment of the clinical results was performed for all patients, all of them through telephone interview. The main criterion for clinical assessment was degree of facial pain relief. The patients were classified into the following 4 grades, on the basis of the degree of facial pain relief: "excellent" if patient was pain-free, "good" if the pain relief was more than 75%, "poor" if the pain was less than 25% resolved, and "failure" for all remaining results (Table 1) .
RESULTS
Intraoperatively, a pearly sheen mass with boundary was found in the CPA. The trigeminal root was buried in the tumor in all the cases (Fig. 1A) . In 5 of the cases, the tumor occupied the entire surgical field and even crossed the midline to the other side. The tumor was removed totally in all the cases (Fig. 1B) . After resection of the cholesteatoma, the trigeminal root was observed distorted in 5 and the offending vessel was finally distinguished in 9 of all the cases. They were the superior cerebellar artery in 6 and the petrosal vein in 3. For the case associated with hemifacial spasm, no offending artery was identified to compress the trigeminal root, but the facial nerve was observed to be compressed by the anterior inferior cerebellar artery caudally in root exit zone.
After the operation, the symptoms were relieved in all the cases and the postoperative course was even in most of the cases except for transient vertigo, vomiting, or facial numbness in some patients. One patient was observed with positive meningeal irritation sign, which diminished eventually after use of hormones. During the 36-month period of follow-up, no recurrence was found (Table 1) .
DISCUSSION
Cholesteatoma is a sort of benign intracranial lesion, which may expand and fill available spaces such as sulci, cisterns, fissures, and ventricles, occasionally through the tentorial incisura, and occupying multiple sites. 10, 11 However, it might be asymptomatic until it grows to encompass and adhere to neurovascular structures. 12 Meanwhile, it is apt to be missed in the imaging before posterior fossa exploratory surgery. 13 As they are often in close proximity to the skull base and maintain a similar radiographic appearance to CSF, the diagnosis of cholesteatoma through computed tomography (CT) alone is difficult. The use of magnetic resonance imaging (MRI) for the detection of cholesteatoma has demonstrated superiority to CT scanning due to its increased resolution and the absence of artifact originating from the skull base.
14-16 On T1-weighted MRI, the tumor generally appears a bit hypointense ( Fig. 2A) , whereas T2-weighted MRI demonstrates a hyperintense lesion 17 (Figs. 2B, C) . Delayed post-contrast T1 spin-echo sequences improve the diagnosis of recurrent cholesteatoma, which does not show delayed enhancement. 18 The 3D-TOF MRI may have some difficulty in distinguishing cholesteatoma from the background of CSF ( Fig.  2A) , which accounted for the reason why we had not diagnosed the cholesteatoma in 2 of our TN patients.
The pathogenetic mechanism of TN in patients with cholesteatoma remains uncertain. Several authors believed that the chemical effects of cholesterol on the nerve could cause the development of TN in such cases, but this assumption did not have direct evidence to support. 19, 20 We think the cause of TN induced by cholesteatoma is still the neurovascular confliction. [21] [22] [23] [24] The only difference is that the offending artery was pushed by the tumor towards the nerve, instead of idiopathically. The patients in our study seemed to predominate clinically in a younger age group compared with those primary trigeminal neuralgia patients, which was also . After the tumor was resected totally, the trigeminal root was clearly exposed (B). Usually, the offending vessel had been transposed off while the tumor was removed. V, trigeminal nerve; VII, facial nerve; VIII, vestibulocochlear nerve; IX, glossopharyngeal nerve; PV, petrosal vein.
FIGURE 2. Magnetic resonance imaging findings. Cholesteatomas generally appear a bit hypointense in T1-weighted imaging (A), whereas they were hyperintense in T2-weighted MRI (B). Sometimes, it may expand through the tentorial incisura and occupying multiple sites (B). However, the 3D-TOF MRI may have some difficulty in distinguishing cholesteatoma from the background of CSF. Anyway, it may delineate an asymmetric cerebellopontine angle in both sides (C). C indicates the cholesteatoma.
